We are developing a NASA Headquarters selected Probe-class mission concept called the Cosmic Evolution Through UV Spectroscopy (CETUS) mission, which includes a 1.5-m aperture diameter large field-of-view (FOV) telescope optimized for UV imaging, multi-object spectroscopy, and point-source spectroscopy. The optical system includes a Three Mirror Anastigmatic (TMA) telescope that simultaneously feeds three separate scientific instruments: the near-UV (NUV) Multi-Object Spectrograph (MOS) with a next-generation Micro-Shutter Array (MSA); the two-channel camera covering the far-UV (FUV) and NUV spectrum; and the point-source spectrograph covering the FUV and NUV region with selectable R~ 40,000 echelle modes and R~ 2,000 first order modes. The optical system includes fine guidance sensors, wavefront sensing, and spectral and flat-field in-flight calibration sources. This paper will describe the current optical design of CETUS.
INTRODUCTION
We are developing a NASA Headquarters selected Probe-class mission concept called the Cosmic Evolution Through UV Spectroscopy (CETUS), which includes a 1.5-m aperture diameter large field-of-view (FOV) F/5 telescope optimized for UV imaging and multi-object spectroscopy, in addition to point-source spectroscopy. 1, 2, 3 This paper will describe the current optical design of CETUS. The design uses a fully baffled, Three Mirror Anastigmatic (TMA), allreflective telescope, corrected to zero-Petzval, with a central obscuration used off-axis in field and on-axis in aperture. The three Scientific Instruments sample different portions of the shared 1.1-degree by 0.65-degree TMA field image providing parallel observing capability. To remove design complexity in the TMA focal region, the beams to both FGS are picked off at the intermediate uncorrected Cassegrain focus. The wavefront sensor monitors the TMA alignment and will provide signals to correct secondary mirror (SM) alignment with a 5-degree-of-freedom mechanism at the SM. The design emphasizes FUV/NUV spectral throughput efficiency by minimizing number of reflections. The result is long OTA package (SM to TM) with no intermediate fold mirrors.
OVERVIEW
As illustrated in Figures 1 and 2 , the optical system includes a Three Mirror Anastigmatic (TMA) telescope that simultaneously feeds three scientific instruments: a near-UV (NUV) Multi-Object Spectrograph (MOS) at 1-pixel spectral resolving power of 1000 (R = λ/Δλ) with a next-generation Micro-Shutter Array (MSA) 4 ; a two-channel camera covering the far-UV (FUV) and NUV spectrum; and a point-source spectrograph covering the FUV and NUV region with selectable R~ 40,000 echelle modes and R~ 2,000 first order modes. The optical system includes fine guidance sensors (FGS), wavefront sensing, and spectral and flat-field in-flight calibration sources. The design permits manageable optomechanical sensitivities packaging all instruments with large volume margins within the LV dynamic envelope. 
GENERAL DESCRIPTION
As shown in Figure 3 , the three Scientific Instruments sample different portions of the shared 1.1-degree by 0.65-degree TMA field image providing parallel observing capability. Thus, observational efficiency is enabled by the wide FOV OTA capability. 
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DESIGNS AND PERFORMANCE
WIDE FIELD-OF-VIEW TELESCOPE
The design uses a flat-field, fully baffled, Three Mirror Anastigmatic (TMA), all-reflective telescope with a central obscuration used off-axis in field and on-axis in aperture as shown in Figures 1 and 2 The TM is an ellipsoid of revolution with CC = -0.5382688. The three mirrors share a common optical axis with the overall field used off-axis to provide physical access to TMA focus. With the coordinate system + Y axis pointed upward in the plane of the paper and +Z points from left to right, the field access is provided by tilting the whole OTA by 0.45 degrees about the X axis where +X points into the paper.
The combined two-mirror Cassegrain portion of the OTA is F/8.31 with distance from PM vertex to Cassegrain focus is b = +550.0 mm in the +Z direction. The paraxial obscuration ratio of the SM is γ = 0.1859.
5
The OTA forms a real exit pupil image of diameter 56.6 mm at a distance 273 mm before TMA focus. Figure 4 shows the major optical components, as well as mechanism and detectors within CETUS and their sequential relationship with each other. The three scientific instruments, together with two fine guidance sensors and a wavefront sensor used to detect wavefront errors within the OTA providing error signals to the OTA SM 5 degree of freedom alignment mechanism, share the OTA. As described previously, their independent fields-of-view are spatially separated at TMA focus.
The UV Spectrograph samples the center of the TMA focus field with a small (few arc second diameter) aperture. Its effective entrance "slit" is the stellar image formed by the OTA. It uses a TMA focus limited PSF with no physical entrance slit. The two bands (FUV and NUV) share a collimation mirror and a mode-select grating carrousel which contains four optics. The two FUV bands (R~40,000 and R~2,000) share a parabolic cross-disperser and a 20-micron effective pixel micro-channel plate (MCP) solar blind detector. Likewise, the two NUV bands (R~52,000 and R~2,500) share a parabolic cross-disperser and a 15-micron pixel CCD detector.
The FUV/NUV camera images a 0.29-degree x 0.29-degree FOV (1045 x 1045 arc sec) with 413 milli-arc second pixels in the NUV portion as it uses a 15-micron pixel CCD and 550 milli-arc second sampling in the FUV region using a 20-micron pixel MCP detector. The bands share the camera field aperture at TMA focus and the Offner-like three mirror relays (M1, M2, M3) to their respective detector. The bands are spectrally split by a dichroic filter and each have several selectable bandpass filters on band-dedicated filter wheels.
The Multi-Object Spectrograph similarly images a 0.29 x 0.29-degree FOV (1045 x 1045 arc sec) with 413 milli-arc second pixels in the NUV recording R ~ 1,000 spectra with a 15-micron pixel CCD. Spatial confusion in the field is eliminated via the Micro-Shutter Array (MSA) 4 . An Offner-like spectrograph simultaneously provides imaging spectroscopy on each object passing a selectable open position in the MSA. Field selection is based on the known location of stellar objects in the field.
The M2 mirror in the camera and the M2 grating in the MOS are mounted on precision tilt and focus mechanisms. The tilt allows quarter-pixel shifts of the imaged PSF with sub-pixel PSF sampling via the detectors. This capability allows the design to be based on 1-pixel resolution. The focus degree-of-freedom allows refocus of these instruments independent of the OTA. Thus, OTA focus corrections are based on the wavefront sensor and point-source spectrograph. The camera and MOS are focused to the offset location. This system focus philosophy greatly reduces system alignment tolerances. 
CETUS FUV/NUV Spectrograph
FUV/NUV Spectrograph: FUV (115 to 200 nm) NUV (195 to 350 nm)
• Echelle modes FUV: R ~ 40,000, NUV: R~52,000
• First order modes: FUV R ~2,000, NUV R~2,500
• Point source all-reflective spectrograph
• FUV and NUV have separate, but identical, Echelles and have separate parabolic X-dispersers
• Two Echelles and two plano mirrors (one for FUV and one for NUV) on Carrousel mechanism
• Carrousel select modes: Positions tilt angle of the Echelles and the two plano mirrors Figures 5 and 6 show the optics, ray paths, and detector locations of the spectrograph. The Echelle modes are a CzernyTurner configuration with a collimation mirror, imaging cross-dispersers, and plane echelle gratings. The primary dispersion is via echelle gratings which disperse in the plane of the left view in Figure 5 . Each mode has a dedicated cross disperser which disperses in the plane of the right view in Figure 5 . This configuration with parabolic reflecting cross-dispersers was used in the GHRS HST design. The first order modes use plane mirrors in place of the Echelle to direct the collimated beam to the cross-dispersers. In these modes, the cross-dispersers are used in a Wadsworth configuration, similar to modes in STIS HST. Figure 6 further illustrates the design configuration. • FUV (115 to 200 nm, 550 mas pixel)
• NUV (200 to 320 nm), 413 mas pixel)
• Offner-like all-reflective relay of TMA focus to FPAs
• Aspheric mirrors
As illustrated in Figure 11 , the FUV/NUV Camera images a 1,045 by 1,045 arc second field of view at F/5 onto the band-dedicated detector. The FUV MCP detector samples with 20-micron pixel detectors (550 mas) and the NUV CCD with 15-micron pixel detectors (413 mas). The design is a one-to-one relay similar to an Offner relay. The design deviates from a strict Offner because the TMA design excludes imaging the OTA entrance pupil onto the Camera M2 (convex) mirror, unless an additional field optic were used at TMA focus. To implement such a field optic in the FUV spectral range would require a field mirror. This would greatly complicate the design and reduce throughput and thus was not chosen.
Figures 12 and 13 demonstrate that each channel is well-corrected in the Zemax model design.
The resulting design uses aspheric mirrors. Band selection is implemented by a dichroic filter which splits between FUV and NUV with the resulting beams imaged at their respective detectors.
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Surface IMP, Image As illustrated in Figure 14 the NUV MOS is an imaging spectrograph that images a 1,045 by 1,045 arc second field of view at F/5 onto the band-dedicated detector and disperses all wavelengths in the 200 nm to 400 nm band at 1-pixel spectral resolving power of 1000. The MOS CCD detector samples the dispersed image with 20-micron pixels. Spectral confusion over the field is controlled via a Micro-Shutter Array at TMA focus that permits selection of ~ 100 individual field locations . 4 , selected so that their spectrums do not overlap on the CCD. This enables parallel observations for efficient science studies of numerous objects. The design is a one-to-one relay similar to an Offner relay. The design deviates from a strict Offner because the TMA design excludes imaging the OTA entrance pupil onto the Camera M2 (convex) mirror, unless an additional field optic were used at TMA focus. This would greatly complicate the design and reduce throughput and thus was not chosen.
Figures 15 demonstrates that each channel is well-corrected in the Zemax model design.
The resulting design uses aspheric mirrors. The blue reflecting dichroic filter and similar spectral coatings on the MOS M1 and M3 mirrors aid reduction of red-leak signal by the CCD. 
